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PURPOSE: To provide a zoom lens which is focusable at 
a short distance, allows focusing att a small moving 
quantity and has excellent imaging performance. 
CONSTITUTION: This zoom lens which is focusable at 
the short distance has at least two lens groups which 
are arranged adjacently to each other and have a 
negative refracting power. The focusing to the short 
distance object is executed by moving the lens group Ga 
movable att the time of variable magnification of the two 
lens groups along the optical axis. The zoom lens is so 
constituted as to satisfy the conditions (pa-p2-1)-2<0.8, 
Pa/pb>0. When the use magnification of the lens group 
Ga at a telephoto end in a state of infinitive focusing is 
defined as pa and the use magnification of the lens 
group Ga at a wide angle end in a state of infinitive 
focusing is defined as pb. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a zoom lens which was equipped with two lens groups which adjoin mutually, are 
arranged [ both ] and have negative refractive power at least and in which a short-distance 
focus is possible On the occasion of variable power, move a movable lens group Ga in 
accordance with an optical axis between said two lens groups, and a focus to a short-distance 
body is performed. When an operating scale factor in a tele edge in an infinite distance focus 
condition of said lens group Ga is set to betaa and an operating scale factor in a wide angle edge 
in an infinite distance focus condition of said lens group Ga is set to betab, A zoom lens which is 
characterized by satisfying conditions of (beta a-beta a-1)-2<0.8beta a/beta b> 0 and in which a 
short-distance focus is possible. 

[Claim 2] A zoom lens which is characterized by satisfying conditions of 0.12<|fa|/(fw-ft)1/2 <0.6 
when a focal distance of said lens group Ga is set to fa, a focal distance of the whole lens 
system in a wide angle edge is set to fw and a focal distance of the whole lens system in a tele 
edge is set to ft and in which a short-distance focus according to claim 1 is possible. 
[Claim 3] It is the zoom lens which is characterized by arranging most the 1st lens group G1 
which has positive refractive power at a body side, and for said two lens groups adjoining an 
image side of said 1st lens group G1, and arranging them and in which a short-distance focus 
according to claim 1 or 2 is possible. 

[Claim 4] A zoom lens in which a short-distance focus given in claim 1 characterized by 
satisfying conditions of 0.3<fL1/fL 2< 5.0 thru/or any 1 term of 3 is possible when a focal 
distance of a lens group by the side of a body is set to fLI between said two lens groups and a 
focal distance of a lens group by the side of an image is set to fL2 between said two lens groups. 

[Claim 5] A zoom lens in which a short-distance focus given in claim 1 characterized by 
satisfying conditions of nuGa>35nGa>1 .60 thru/or any 1 term of 4 is possible when the greatest 
value is set to nuGa among the Abbe numbers of all negative lens components contained in said 
lens group Ga and the greatest value is set to nGa among refractive indexes of all negative lens 
components contained in said lens group Ga. 



[Translation done.] 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a zoom lens applicable also to the bright zoom 
lens especially whose aperture ratio is about 2.8 about the zoom lens in which a short-distance 
focus is possible. 
[0002] 

[Description of the Prior Art] As orientation in the latest camera, two points, the cameras in 
which ** automatic focus is possible are increasing in number [ that a zoom lens is becoming in 
use / ** taking lens / and ]. are mentioned. 

[0003] The various zoom types which attained raise in variable power and high performance- 
ization have been proposed as a zoom lens becomes in use. Moreover, the zoom type which 
attained high variable power-ization by advance of lens-barrel technology in recent years etc. 
using the so-called multi-group zoom lens constituted by the three or more-group moving lens 
group is proposed variously. Moreover, with the camera in which an automatic focus is possible, 
improvement in the speed of focusing (focus) actuation is progressing. And various methods are 
proposed also about the focusing method in a multi-group zoom lens with improvement in the 
speed of focusing actuation. 
[0004] 

[Problem(s) to be Solved by the Invention] Generally, in order to attain improvement in the 
speed of focusing actuation, being required of a focusing glass group (lens group which moves in 
accordance with an optical axis at the time of focusing) is making small the workload at the time 
of focusing (= weight x movement magnitude). However, in the conventional zoom lens, there was 
un-arranging [ that the workload at the time of focusing was not sufficiently small ]. 
[0005] This invention is made in view of the above-mentioned technical problem, and aims at 
offering the zoom lens in which focusing is possible at small movement magnitude, and the 
short-distance focus which was excellent in the image formation engine performance is possible. 

[0006] 

[Means for Solving the Problem] In order to solve said technical problem, it sets to this 
invention. In a zoom lens which was equipped with two lens groups which adjoin mutually, are 
arranged [ both ] and have negative refractive power at least and in which a short-distance 
focus is possible On the occasion of variable power, move the movable lens group Ga in 
accordance with an optical axis between said two lens groups, and a focus to a short-distance 
body is performed. When an operating scale factor in a tele edge in an infinite distance focus 
condition of said lens group Ga is set to betaa and an operating scale factor in a wide angle edge 
in an infinite distance focus condition of said lens group Ga is set to betab. A zoom lens which is 
characterized by satisfying conditions of (beta a-beta a-1)-2<0.8beta a/beta b> 0 and in which a 
short-distance focus is possible is offered. 

[0007] When according to the desirable mode of this invention a focal distance of said lens group 
Ga is set to fa, a focal distance of the whole lens system in a wide angle edge is set to fvv and a 
focal distance of the whole lens system in a tele edge is set to ft, conditions of 0.12<|fa|/(fw-ft) 
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1/2 <0.6 are satisfied. 
[0008] 

[Function] First, the generalities about the so-called multi-group zoom lens constituted by the 
three or more-group moving lens group are described. In a multi-group zoom lens, since 
whenever [ option ] increases into the zooming orbit of each lens group which faces the variable 
power from a wide angle edge to a tele edge, the flexibility on aberration amendment increases. 
Moreover, since the lens group which bears variable power increases, it becomes easy to carry 
out the equation of the variable power burden of each lens group. In this way, it becomes 
possible to attain high performance-ization. attaining high variable power-ization. In addition, 
although there were also problems, such as complication of the lens-barrel structure 
accompanying the increment for moving part, it is conquered to some extent by advance of lens- 
barrel technology in recent years. 

[0009] Next, focusing in a multi-group zoom lens is described. Generally, being required of a 
focusing glass group are that there is little focusing movement magnitude and that the weight of 
a focusing glass group is small as mentioned above. This can be tied to the miniaturization of a 
lens system, so that there is little focusing movement magnitude, and it is because simplification 
of the drive of a lens can be attained, so that the weight of a focusing glass group is small. 
[0010] Before, when performing the focus to a short-distance body in a multi-group zoom lens, 
various proposals are made about the following three methods. 

(A) 1 group delivery method (B) IF (inner focus) method (C) RF (rear focus) method [0011] 
Before, with 4 group zoom lens right positive in positive/negative, 1 group delivery method of (A) 
is used for order for example, from a body side. However, since the 1st lens group separates 
from the image surface most and is arranged, its diameter of a lens is large. Consequently, the 
1st lens group is seldom suitable for the focusing glass group. Moreover, the example which is 
made to move the 2nd lens group of immobilization among variable power to JP,5-224123,A by 
these people, and performs focusing of the inner focus method of (B) to it in 5 group zoom lens 
of positive/negative negative positive/negative sequentially from a body side is indicated. 
However, since the 2nd lens group is immobilization among variable power, the 2nd lens group 
cannot be made to contribute to a variable power operation positively, and it cannot be said that 
it is enough in respect of high-performance-izing. 

[0012] Furthermore, the example which is made to move the 4th lens group of 4 group zoom lens 
of positive/negative positive/negative to JP,61-501 12,A sequentially from a body side, and 
performs focusing of the rear focus method of (C) to it is indicated. However, since the diameter 
of a lens is large, the 4th lens group is seldom suitable for the focusing glass group. 
[0013] Here, migration of the focusing glass group at the time of moving one lens group and 
performing focusing is described. If the focusing glass group Gf is moved so that the location of 
the object point by the 1st lens group G1 thru/or the focusing glass group Gf to the lens group 
Gh arranged at the image side of the focusing glass group Gf may become fixed when the 
location of a photographic subject moves at a short distance from a long distance, a short- 
distance focus can be performed. Under the present circumstances, the conditions which make 
small movement magnitude delta of the focusing glass group Gf are explained using a thin lens 
system. 

[0014] First, in order to make regularity the location of the object point to the lens group Gh 
when the location of the object point to the focusing glass group Gf moves only delta as shown 
in drawing 1 , only delta shall move the lens group Gf. In this case, if the image formation scale 
factor of the lens group Gf is set to beta, the movement magnitude delta of the focusing glass 
group Gf will be given with the following formula (a). 
delta= [beta2/(beta2-1)] -delta (a) 

[0015] (a) The value of k is beta 2 in a formula when k=beta 2/(beta2-1). It comes to express 
with the following formula (b) and (c) depending on a value. 
k>=1 (beta2 > 1)(b) 
k<0(beta2<1)(c) 

[0016] Therefore, in order to make small magnitude of the movement magnitude delta of the lens 
group Gf. to be (c). k is brought as much as possible close to 0. namely, it is required [ k is 
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brought as much as possible close 1, namely, / it is required to bring 1/beta close to 0. and ] in 
(b), to bring beta close to 0. 

[0017] In the zoom lens which has at least two lens groups which adjoin mutually, are arranged 
[ both ] and have negative refractive power in this invention based on the above consideration 
While bringing the inverse number of the operating scale factor of the lens group arranged 
between these two lens groups at the body side close to 0 By bringing the operating scale factor 
of the lens group arranged at the image side close to 0, even if it moves which lens group 
between two above-mentioned lens groups at the time of focusing, the focusing movement 
magnitude can be made small. In this invention, in order that drawing may tie equalization of the 
burden of the variable power of each lens group to high variable power-ization, the movable lens 
group Ga is moved between two lens groups at the time of focusing at the time of variable 
power. 

[0018] This invention is made based on the above technological backgrounds, and in a zoom lens 
with which both two lens groups arranged adjacently have negative refractive power and in which 
a short-distance focus is possible, it aims at solution of the above-mentioned technical problem 
by fulfilling predetermined conditions while it moves the movable lens group Ga on the occasion 
of variable power between two lens groups and performs focusing to a short-distance body. 
[0019] Hereafter, the monograph affair type of this invention is explained. It is satisfied with the 
zoom lens of this invention of the following conditional expression (1) and (2). 
(beta a-beta a-1) -2<0.8 (1) 
beta a/beta b> 0 (2) 

Scale-factor [ operating ] betab [ in / here / the tele edge in the infinite distance focus 
condition of the betaa:lens group Ga ]: The operating scale factor in the wide angle edge in the 
infinite distance focus condition of the lens group Ga [0020] Conditional expression (1) is 
conditional expression which specifies the operating scale factor in the tele edge of the focusing 
glass group Ga. As mentioned above, the focusing movement magnitude (movement magnitude 
which faces focusing) delta of the lens group Ga is expressed with a formula (a), and can make 
small focusing movement magnitude delta of the lens group Ga by making magnitude of k small. 
[0021] In addition, conditional expression (1) is 2 (k/beta) by deforming. It is expressed. That is, 
in conditional expression (1), the feature of this invention which makes small focusing movement 
magnitude delta of the lens group Ga is emphasized by making magnitude of k small by carrying 
out the square of the ratio of k and beta. When it exceeds the upper limit of conditional 
expression (1), the focusing movement magnitude of the lens group Ga will become large. In 
addition, in this invention, in order to stop the focusing movement magnitude of the lens group 
Ga still smaller, it is desirable to set the upper limit of conditional expression (1) to 0.5. 
[0022] As mentioned above, in the case of beta2 >1. if 1/beta is brought close to 0, focusing can 
be performed with small movement magnitude. However, if the location used as 1/beta= 0 exists 
in the variable power from a wide angle edge to a tele edge, since k will decrease from a wide 
angle edge up to the location of 1/beta= 0 and k will increase from the location of 1/beta= 0 to a 
tele edge, control of the lens group Ga will become difficult. Moreover, in the case of beta2 <1, if 
beta is brought close to 0, focusing can be performed with small movement magnitude. However, 
if the location used as beta= 0 exists in the variable power from a wide angle edge to a tele edge, 
since k will decrease from a wide angle edge up to the location of beta= 0 and k will increase 
from the location of beta= 0 to a tele edge, control of the lens group Ga will become difficult. 
[0023] Conditional expression (2) has specified the suitable range about the ratio of operating 
scale-factor betaa of the lens group Ga in a tele edge, and operating scale-factor betab of the 
lens group Ga in a wide angle edge. When less than the lower limit of conditional expression (2), 
1/beta or beta will include the location set to 0 in the variable power from a wide angle edge to a 
tele edge. For this reason, as mentioned above, control of the lens group Ga will become difficult. 
Especially, the amount of deliveries to the same photography distance decreases once, and 
increases from the middle as it carries out variable power to a tele edge from a wide angle edge. 
For this reason, it will become difficult to carry out position control of the focusing glass group. 
[0024] Moreover, in this invention, in order to attain high performance-ization further, it is 
desirable to satisfy the following conditional expression (3). 
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0.12<|fa|/(fw-ft)1/2 <0.6 (3) 

The focal distance ft of the whole lens system [ in / here / the focal distance fw:wide angle 
edge of fa:lens group Ga ]: The focal distance of the whole lens system in a tele edge [0025] 
Conditional expression (3) is the conditional expression for aiming at balance of lessening the 
configuration lens number of sheets of having specified the focal distance of the lens group Ga 
and making still smaller focusing movement magnitude of the lens group Ga, and the lens group 
Ga. Since the focal distance of the lens group Ga becomes large negative when it exceeds the 
upper limit of conditional expression (3), the focusing movement magnitude of the lens group Ga 
will become large. 

[0026] On the contrary, since the focal distance of the lens group Ga becomes small negative 
when less than the lower limit of conditional expression (3). focusing movement magnitude of the 
lens group Ga can be made small. However, since the axial outdoor daylight bunch which passes 
the lens group Ga approaches an optical axis, it will be difficult to amend shaft top aberration 
and the aberration outside a shaft independently by small lens number of sheets. Consequently, 
the workload at the time of focusing cannot be made small. 

[0027] In this invention, raise in variable power and high performance-ization can be most 
attained further by arranging the 1st lens group G1 of a lens system which has positive 
refractive power in a body side, adjoining the image side of the 1st lens group G1. and arranging 
the two lens groups concerned which have negative refractive power. In addition, in this 
invention, it is also possible by constituting so that operating scale-factor betab of the lens 
group Ga in a wide angle edge may satisfy conditional expression (1) and the same following 
conditional expression (4) to cover the whole variable power range and to make small focusing 
movement magnitude of the lens group Ga. 
(beta b-beta b-1) -2<0.8 (4) 

[0028] Moreover, in this invention, It is desirable to satisfy the following conditional expression 
(5). 

0.3<fL1/fL2<5.0 (5) 

here — fLI: — the inside of the two negative lens groups concerned — focal distance fL2: of 
the lens group by the side of a body — the inside of the two negative lens groups concerned — 
the focal distance [0029] of the lens group by the side of an image Conditional expression (5) is 
the conditional expression for aiming at balance of the focal distance of the two negative lens 
groups concerned which adjoined in the zoom lens and have been arranged. If it deviates from 
the range specified by the upper limit and lower limit of conditional expression (5). it will become 
impossible to suppress to coincidence fluctuation of many aberration generated at the time of 
variable power, and fluctuation of many aberration generated at the time of focusing good. 
[0030] Moreover, in order to suppress still better fluctuation of the chromatic aberration 
generated at the time of focusing, it is desirable to amend chromatic aberration sufficiently good 
in the lens group Ga. For this reason, as for the greatest value nuGa, it is desirable to satisfy the 
following conditional expression (6) among the Abbe numbers of all the negative lens components 
contained in the lens group Ga. 
nuGa> 35 (6) 

Moreover, in order to suppress generating of comatic aberration and to obtain the still better 
image formation engine performance, as for the greatest value nGa, it is desirable to satisfy the 
following conditional expression (7) among the refractive indexes of all the negative lens 
components contained in the lens group Ga. 
nGa>1.60 (7) 

[0031] Moreover, in this invention, it becomes easy to attain high-performance-izing. raise in 
variable power, or diameter-ization of macrostomia further by Introducing at least one aspheric 
surface into one which constitutes a zoom lens of lens groups. Furthermore, although it is 
possible to make it move in the direction which intersects perpendicularly with an optical axis 
mostly, and to carry out the image shift of one or more lens groups, it is also possible to obtain 
the good image formation engine performance also at the time of an image shift. 
[0032] 

[Example] Hereafter, each example of this invention is explained based on an accompanying 
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drawing. 

[Example 1] Drawing 2 is the refractive-power plot plan of the zoom lens concerning the 1st 
example of this invention. The zoom lens of drawing 2 sequentially from a body side The 1st lens 
group G1 of positive refractive power. The 2nd lens group G2 of negative refractive power, 3rd 
lens group G3 of negative refractive power, and the 4th lens group G4 of positive refractive 
power, Have the 5th lens group G5 of negative refractive power, and the variable power from a 
wide angle edge (W) to a tele edge (T) is faced. The gap of the 1st lens group G1 and the 2nd 
lens group G2 increases, and the gap of the 2nd lens group G2 and 3rd lens group G3 increases. 
The gap of 3rd lens group G3 and the 4th lens group G4 decreases, and each lens group moves 
the gap of the 4th lens group G4 and the 5th lens group G5 to a body side so that it may 
decrease. In addition, focusing to a short-distance body is performed by moving 3rd lens group 
G3 in accordance with an optical axis. 

[0033] Drawing 3 is drawing showing the lens configuration of the zoom lens concerning the 1 st 
example of this invention. The 1st lens group G1 which the zoom lens of drawin g 3 becomes 
from the negative meniscus lens L1 1 which turned the convex to the body side, and a biconvex 
lens LI 2 sequentially from a body side. The 2nd lens group G2 which consists of a cementation 
negative lens L21 of a biconcave lens and a biconvex lens, 3rd lens group G3 which consists of a 
negative meniscus lens L31 which turned the concave surface to the body side, The 4th lens 
group G4 which consists of a biconvex lens L41 and a cementation positive lens L42 of a 
biconvex lens and the negative meniscus lens which turned the concave surface to the body 
side. It consists of 5th lens groups G5 which consist of the positive meniscus lens L51 which 
turned the concave surface to the body side, a negative meniscus lens L52 which turned the 
concave surface to the body side, and a negative meniscus lens L53 which turned the concave 
surface to the body side. 

[0034] In addition, aperture-diaphragm S is arranged between 3rd lens group G3 and the 4th lens 
group G4, and moves in one with the 4th lens group G4 on the occasion of the variable power 
from a wide angle edge to a tele edge. Drawing 3 shows the physical relationship of each lens 
group in a wide angle edge, and moves an optical-axis top to drawing 2 in accordance with the 
zoom orbit shown by the arrow head at the time of the variable power to a tele edge. 
[0035] The value of the item of the example 1 of this invention is hung up over the following 
table (1). a table (1) — setting — f — a focal distance — in FNO. 2omega of field angles is 
expressed and Bf expresses a back focus for the f number. Furthermore, a refractive index and 
the Abbe number show the value [ as opposed to d line (lambda= 587.6nm) for the sequence of 
the lens side from the body side with which the field number met in the direction in which light 
advances ], respectively. 
[0036] 
[A table 1] 

f=38.8-110.5 FN0=4.1 - 8.02 omega= 57.8 degrees - 21.4-degree side number Radius of 
curvature A spacing Refractive index Abbe number 1 38.7385 1.633 1.80518 25.35 2 21.3035 
0.628 3 21.0319 3.893 1.62280 57.03 4 - 341.0792 (d4 = adjustable) 5 - 51.9442 1.256 1.77279 
49.45 6 17.0448 2.888 1.75520 27.61 7-133.8779 (d7 = adjustable) 8-19.9515 1.256 1.77279 49.45 
9 -151.1844 (d9 = adjustable) 10 infinity 1.884 (aperture-diaphragm S) 

11 89.4983 2.009 1.62041 60.14 12 - 28.8833 0.126 13 44.5675 3.391 1.51860 69.98 14 - 11.5129 
1.507 1.80518 25.35 15 - 20.3434 (d15= adjustable) 16 - 54.3667 3.140 1.80518 25.35 17 - 
21.7045 0.628 18 - 48.6549 1.507 1.84042 43.35 19 -141.6808 4.14420 -14.7784 1.507 
1.7727949.45 21 -280.6453 (Bf) (variable spacing in variable power) 

f 38.7626 110.4625d4 1.9829 15.1690d7 3.7630 6.2747d9 4.1545 1.6429d15 14.9653 1.7792 Bf 
10.0151 51.8560 (photography scale-factor-1/40 time o'clock focusing movement magnitude of 
3rd lens group G3) 

Focal distance f 38.7626 1 10.4625 movement magnitude delta -1.0496 -1.1477 (however, the 
sign of the focusing movement magnitude delta makes the travelling direction of light positive) 
(Value corresponding to conditions) 

fa=-29.8672 fLI =-99.2862 fL2=-29.8672 betaa=-0.4612 betab=-0.2080 (1) and (beta a-beta a-1) 
-2 = 0.343 (2) betaa/betab = 2.217(3) |fa|/(fw-ft)1/2 = 0.208 (4) and (beta b-beta b-1) -2 = 
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0.047 (5) fL1/fL2 = 3.324(6) nuGa =49.45(7) nGa = 1.77279 [0037] Drawin g 4 thru/or drawin g 7 
are many aberration drawings to d line (lambda= 587.6nm) of an example 1. Drawing 4 is many 
aberration drawings in the infinite distance focus condition in a wide angle edge (the shortest 
focal distance condition), and drawing 5 is many aberration drawings in the infinite distance focus 
condition in a tele edge (the longest focal distance condition). On the other hand, drawing 6 is a 
photography scale factor in a wide angle edge. - It is many aberration drawings in 1/40 of focus 
conditions, and drawin g 7 is a photography scale factor in a tele edge. - They are many 
aberration drawings in 1/40 of focus conditions. 

[0038] In each aberration drawing. FNO shows the body high [ as opposed to / in H / f number / 
each image quantity for a field angle / as opposed to / in A / NA / numerical aperture / Y / 
each image quantity for image quantity ], respectively. Moreover, in aberration drawing showing 
astigmatism, a continuous line shows the sagittal image surface, and the dashed line shows the 
meridional image surface. Furthermore, in aberration drawing showing spherical aberration, the 
dashed line shows sign condition (sine condition). In this example, it turns out that many 
aberration is amended good ranging from the infinite distance focus condition to a short- 
distance focus condition in each focal distance condition so that clearly from each aberration 
drawing. 

[0039] [Example 2] Drawing 8 is the refractive-power plot plan of the zoom lens concerning the 
2nd example of this invention. The zoom lens of drawing 8 sequentially from a body side The 1st 
lens group 01 of positive refractive power. Have the 2nd lens group 02 of negative refractive 
power, and 3rd lens group 03 of positive refractive power, and the variable power from a wide 
angle edge (W) to a tele edge (T) is faced. The gap of the 1st lens group 01 and the 2nd lens 
group 02 increases, and each lens group moves the gap of the 2nd lens group 02 and 3rd lens 
group 03 to a body side so that it may decrease. In addition, the 2nd lens group 02 consists of 
lens group 02a which has the negative refractive power by the side of a body, and lens group 
02b which has the negative refractive power by the side of an image, and performs focusing to a 
short-distance body by moving lens group 02a by the side of a body in accordance with an 
optical axis. 

[0040] Drawing 9 is drawing showing the lens configuration of the zoom lens concerning the 2nd 
example of this invention. The 1st lens group 01 which consists of a cementation positive lens 
LI 2 of the negative meniscus lens and biconvex lens with which the zoom lens of drawin g 9 
turned the biconvex lens L1 1, and turned the convex to the body side sequentially from the body 
side. Lens group 02a which consists of a cementation negative lens L21 of a biconcave lens and 
the positive meniscus lens which turned the convex to the body side, and the 2nd lens group 02 
which consists of lens group 02b which consists of a negative meniscus lens L22 which turned 
the concave surface to the body side. To a biconvex lens L31, biconvex lens, and body side, a 
concave surface It consists of 3rd lens group 03 which consists of the cementation positive lens 
L32 with the turned negative meniscus lens, the positive meniscus lens L33 which turned the 
convex to the body side, a negative meniscus lens L34 which turned the concave surface to the 
body side, and a positive meniscus lens L35 which turned the concave surface to the body side. 
[0041] In addition, aperture-diaphragm S is arranged between the positive meniscus lens L33 in 
3rd lens group 03. and a negative meniscus lens L34, and moves in one with 3rd lens group 03 
on the occasion of the variable power from a wide angle edge to a tele edge. Moreover, fixed 
drawing is arranged like illustration at the image side of aperture-diaphragm S. Drawing 9 
shows the physical relationship of each lens group in a wide angle edge, and moves an optical- 
axis top to drawin g 8 in accordance with the zoom orbit shown by the arrow head at the time of 
the variable power to a tele edge. 

[0042] The value of the item of the example 2 of this invention is hung up over the following 
table (2). a table (2) — setting — f — a focal distance — in FNO. 2omega of field angles is 
expressed and Bf expresses a back focus for the f number. Furthermore, a refractive index and 
the Abbe number show the value [ as opposed to d line (lambda= 587.6nm) for the sequence of 
the lens side from the body side with which the field number met in the direction in which light 
advances ], respectively. 
[0043] 
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[A table 2] 

f=85.5-191.0 FNO=4.7 - 5.62 omega= 29.0 degrees - 12.7-degree side number Radius of 
curvature A spacing Refractive index Abbe number 1 132.8387 4.000 1.51680 64.12 2 3064. 5789 
0.115 3 88.6525 2.000 1.80458 25.49 4 50.6836 5.000 1.51680 64.12 5 - 399.3308 (d5 = 
adjustable) 6 - 140.88891.200 1.69680 55.60 7 23.1440 3.500 1.84666 23.82 850.7877 13.000 9 - 
45.6950 1.000 1.65160 58.54 10 - 996.6611 (d10= adjustable) 11 106.2788 5.175 1.50137 56.46 
12-48.1738 0.230 13 84.4967 6.095 1.51860 70.08 14 - 36.8350 1.610 1.75520 27.64 15 -642.3547 
0.920 16 32.6932 4.140 1.7130053.97 17 52.1070 3.220 18 infinity 22.310 (aperture-diaphragm S) 

19 infinity 20.700 (fixed drawing S') 

20 -18.8960 2.415 1.76684 46.76 21 -53.3018 0.230 22 -227.2534 3.220 1.72825 28.34 23 - 
37.5483 (Bf) (Variable Spacing in Variable Power) 

f 85.5000 191.0000d5 1.4053 33.1577d10 21.6093 5.5585 Bf 45.9663 62.0168 (focusing movement 
magnitude of lens group Gphotography scale-factor- 1/30 time o'clock2a) 
Focal distance f 85.5000 191.0000 movement magnitude delta +8.4418 +2.5356 (however, the 
sign of the focusing movement magnitude delta makes the travelling direction of light positive) 
(Value corresponding to conditions) 

fa=-66.1034 f LI =-73.5277 fL2=-66.1034 betaa=-5.7383 betab=-1.5276 (1) and (beta a-beta a-1) 
-2 = 0.032 (2) betaa/betab = 3.756(3) |fa|/(fw-ft)1/2 = 0.268 (4) and (beta b-beta b-1) -2 = 
1.312 (5) fL1/fL2 = 1.112(6) nuGa =55.60(7) nOa = 1.69680 [0044] Drawing 10 thru/or drawin g 1 3 
are many aberration drawings to d line (lambda= 587.6nm) of an example 2. Drawing 10 is many 
aberration drawings in the infinite distance focus condition in a wide angle edge, and drawing 1 1 
is many aberration drawings in the infinite distance focus condition in a tele edge. On the other 
hand, drawin g 12 is a photography scale factor in a wide angle edge. - It is many aberration 
drawings in 1/30 of focus conditions, and drawing 13 is a photography scale factor in a tele edge. 
- They are many aberration drawings in 1/30 of focus conditions. 

[0045] In each aberration drawing. FNO shows the body high [ as opposed to / in H / f number / 
each image quantity for a field angle / as opposed to / in A / NA / numerical aperture / Y / 
each image quantity for image quantity ], respectively. Moreover, in aberration drawing showing 
astigmatism, a continuous line shows the sagittal image surface, and the dashed line shows the 
meridional image surface. Furthermore, in aberration drawing showing spherical aberration, the 
dashed line shows sign condition (sine condition). In this example, it turns out that many 
aberration is amended good ranging from the infinite distance focus condition to a short- 
distance focus condition in each focal distance condition so that clearly from each aberration 
drawing. 

[0046] [Example 3] Drawing 14 is the refractive-power plot plan of the zoom lens concerning the 
3rd example of this invention. The zoom lens of drawing 1 4 sequentially from a body side The 1st 
lens group G1 of positive refractive power, Have the 2nd lens group G2 of negative refractive 
power. 3rd lens group G3 of positive refractive power, and the 4th lens group 04 of positive 
refractive power, and the variable power from a wide angle edge (W) to a tele edge (T) is faced. 
The gap of the 1st lens group Gl and the 2nd lens group G2 increases, the gap of the 2nd lens 
group G2 and 3rd lens group G3 decreases, and the 2nd lens group G2 and 3rd lens group G3 
move the gap of 2nd lens group G3 and the 3rd lens group G4 so that it may change. In addition, 
the 2nd lens group G2 consists of lens group G2a which has the negative refractive power by 
the side of a body, and lens group G2b which has the negative refractive power by the side of an 
image, and performs focusing to a short-distance body by moving lens group G2a by the side of 
a body in accordance with an optical axis. 

[0047] Drawin g 1 5 is drawing showing the lens configuration of the zoom lens concerning the 3rd 
example of this invention. The 1st lens group Gl which the zoom lens of drawin g 15 becomes 
from the cemented lens L1 1 of the negative meniscus lens and biconvex lens which turned the 
convex to the body side, and the positive meniscus lens LI 2 which turned the convex to the 
body side sequentially from a body side, Lens group G2a which consists of a cemented lens L22 
of the biconcave lens configuration which has the plane of composition which turned the 
concave surface to the negative meniscus lens [ which turned the convex to the body side ] 
L21, and body side. And the 2nd lens group G2 which consists of lens group G2b which consists 



http://www4.ipdljpo.gojp/cgi-bin/tran.web.cgi.eije 



16/03/08 



8/9 ^-v 



of the cemented lens L23 and biconcave lens L24 of a biconcave lens configuration which have 
the plane of composition which turned the convex to the body side, 3rd lens group G3 which 
consists of a biconvex lens L31 and a cementation positive lens L32 of a biconvex lens and the 
negative meniscus lens which turned the concave surface to the body side, To a body side, a 
convex It consists of 4th lens groups G4 which consist of the turned positive meniscus lens L41, 
the positive meniscus lens L42 which turned the convex to the body side, the negative meniscus 
lens L43 which turned the convex to the body side, a biconvex lens L44, and a negative 
meniscus lens L45 which turned the concave surface to the body side. 

[0048] In addition, aperture-diaphragm S is arranged between 3rd lens group G3 and the 4th lens 
group 04, and moves in one with the 4th lens group G4 on the occasion of the variable power 
from a wide angle edge to a tele edge. Moreover, in the 4th lens group G4. fixed drawing S' is 
arranged like illustration. Drawing 15 shows the physical relationship of each lens group in a wide 
angle edge, and the 2nd lens group G2 and 3rd lens group G3 move an optical-axis top to 
drawing 1 4 in accordance with the zoom orbit shown by the arrow head at the time of the 
variable power to a tele edge. However, the 1st lens group G1 and the 4th lens group G4 are 
immobilization in accordance with the optical axis in variable power. 

[0049] The value of the item of the example 3 of this invention is hung up over the following 
table (3). a table (3) — setting — f — a focal distance — in FNO, 2omega of field angles is 
expressed and Bf expresses a back focus for the f number. Furthermore, a refractive index and 
the Abbe number show the value [ as opposed to d line (lambda= 587.6nm) for the sequence of 
the lens side from the body side with which the field number met in the direction in which light 
advances ]. respectively. 
[0050] 
[A table 3] 

f=81. 5-1 96.0 FNO=2.8 - 2.8 2 omega= 30.7-1 8.1 -degree side number Radius of curvature 
Spacing Refractive index Abbe number 1 105.5399 2.800 1.80458 25.50 2 73.4058 11.400 1.49782 
82.52 3 - 570.0625 0.100 4 118.0775 5.700 1.49782 82.52 5 1042. 0722 (d5 = adjustable) 6 
322,9129 2.100 1.74810 52.30 7122.57663.8508 -118.7333 3.500 1.8045825.50 9 - 61.4330 1.600 
1.56384 60.6910 262.6263 19.63111 - 119.9235 1.500 1.58130 61.09 1242.1223 4.500 1.80458 
25.50 13 118.0410 2.400 14 - 181.3955 1.800 1.7966845.3715 139.1660 (d15= adjustable) 16 
302.2780 3.300 1.58270 46.42 17 - 143.1744 0.100 18 143.7170 6.900 1.51860 69.98 19 -49.9410 

I. 600 1.80458 25.50 20 -113.3388 (d20= adjustable) 21 infinity 1.500 (aperture-diaphragm S) 
22 65.9782 3.100 1.49782 82.52 23 163.6723 0.100 24 37.7279 5.200 1.49782 82.52 25 67.7955 

II. 682 26 79.1100 2.400 1.80458 25.50 27 46.4525 4.942 28 infinity 15.500 (fixed drawing S') 
29 65.3317 4.800 1.79613 40.90 30 -244.7240 10.475 31 -38.3284 2.500 1.77279 49.45 32 - 
122.1555 (Bf) (Variable Spacing in Variable Power) 

f 81.5039 196.0000d5 1.9240 38.1174d15 27.2250 2.351 9d20 15.6184 4.2981 Bf 50.6056 50.6056 
(focusing movement magnitude of lens group Gphotography scale-factor-1/30 time o'clock2a) 
Focal distance f 81.5039 196.0000 movement magnitude delta +6.4919 +4.1781 (however, the 
sign of the focusing movement magnitude delta makes the travelling direction of light positive) 
(Focusing movement magnitude of lens group G2a at photography distance 1 .5 m:00) 
Focal distance f 81.5039 196.0000 movement magnitude delta 13.8134 15.6683 (however, the 
sign of the focusing movement magnitude delta makes the travelling direction of light positive) 
(Value corresponding to conditions) 

fa=-113.5000fL1=-113.5000fL2=-58.8237betaa= 2.9729betab= 57.1837 (1) and (beta a-beta a-1) 
-2 = 0.144 (2) betaa/betab = 0.052(3) |fa|/(fw-ft)1/2 = 0.806 (4) and (beta b-beta b-1) -2 = 
0.0003 (5) fLl/fL2 = 1.929(6) nuGa =60.69(7) nGa = 1.74810 [0051] Drawing 16 thru/or drawing 
21 are many aberration drawings to d line (lambda= 587.6nm) of an example 3. Drawing 1 6 is 
many aberration drawings in the infinite distance focus condition in a wide angle edge, and 
drawing 17 is many aberration drawings in the infinite distance focus condition in a tele edge. 
Moreover, drawing 18 is a photography scale factor in a wide angle edge. - It is many aberration 
drawings in 1/30 of focus conditions, and drawing 19 is a photography scale factor in a tele edge. 
- They are many aberration drawings in 1/30 of focus conditions. Furthermore, drawing 20 is 
many aberration drawings in the photography distance of 1.5m in a wide angle edge, and drawin g 
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21 is many aberration drawings in the photography distance of 1.5m in a tele edge. 
[0052] In each aberration drawing. FNO shows the body high [ as opposed to / in H / f number / 
each image quantity for a field angle / as opposed to / in A / NA / numerical aperture / Y / 
each image quantity for image quantity ], respectively. Moreover, in aberration drawing showing 
astigmatism, a continuous line shows the sagittal image surface, and the dashed line shows the 
meridional image surface. Furthermore, in aberration drawing showing spherical aberration, the 
dashed line shows sign condition (sine condition). In this example, it turns out that many 
aberration is amended good ranging from the infinite distance focus condition to a short- 
distance focus condition in each focal distance condition so that clearly from each aberration 
drawing. 
[0053] 

[Effect] As explained above, according to this invention, the zoom lens in which focusing is 
possible at small movement magnitude, and the short-distance focus which was excellent in the 
image formation engine performance from the long distance body to the short-distance body is 
possible is realizable. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis docunnent has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] This invention relates to a zoom lens applicable also to the bright zoom 
lens especially whose aperture ratio is about 2.8 about the zoom lens in which a short-distance 
focus is possible. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] As orientation in the latest camera, two points, the cameras in 
which ** automatic focus is possible are increasing in number [ that a zoom lens is becoming in 
use / ** taking lens / and ], are mentioned. 

[0003] The various zoom types which attained raise in variable power and high performance- 
ization have been proposed as a zoom lens becomes in use. Moreover, the zoom type which 
attained high variable power-ization by advance of lens-barrel technology in recent years etc. 
using the so-called multi-group zoom lens constituted by the three or more-group moving lens 
group is proposed variously. Moreover, with the camera in which an automatic focus is possible, 
improvement in the speed of focusing (focus) actuation is progressing. And various methods are 
proposed also about the focusing method in a multi-group zoom lens with improvement in the 
speed of focusing actuation. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect] As explained above, according to this invention, the zoom lens in which focusing is 
possible at small movement magnitude, and the short-distance focus which was excellent in the 
image formation engine performance from the long distance body to the short-distance body is 
possible is realizable. 
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* * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Generally, in order to attain improvement in the 
speed of focusing actuation, being required of a focusing glass group (lens group which moves in 
accordance with an optical axis at the time of focusing) is making small the workload at the time 
of focusing (= weight x movement magnitude). However, in the conventional zoom lens, there was 
un-arranging [ that the workload at the time of focusing was not sufficiently small ]. 
[0005] This invention is made in view of the above-mentioned technical problem, and aims at 
offering the zoom lens in which focusing is possible at small movement magnitude, and the 
short-distance focus which was excellent in the image formation engine performance is possible. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In order to solve said technical problem, it sets to this 
invention. In a zoom lens which was equipped with two lens groups which adjoin mutually, are 
arranged [ both ] and have negative refractive power at least and in which a short-distance 
focus is possible On the occasion of variable power, move the movable lens group Ga in 
accordance with an optical axis between said two lens groups, and a focus to a short-distance 
body is performed. When an operating scale factor in a tele edge in an infinite distance focus 
condition of said lens group Ga is set to betaa and an operating scale factor in a wide angle edge 
in an infinite distance focus condition of said lens group Ga is set to betab. A zoom lens which is 
characterized by satisfying conditions of (beta a-beta a-1)-2<0.8beta a/beta b> 0 and in which a 
short-distance focus is possible is offered. 

[0007] When according to the desirable mode of this invention a focal distance of said lens group 
Ga is set to fa, a focal distance of the whole lens system in a wide angle edge is set to fw and a 
focal distance of the whole lens system in a tele edge is set to ft, conditions of 0.12<|fa|/(fw-ft) 
1/2 <0.6 are satisfied. 
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• * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



OPERATION 



[Function] First, the generalities about the so-called multi-group zoom lens constituted by the 
three or more-group moving lens group are described. In a multi-group zoom lens, since 
whenever [ option ] increases into the zooming orbit of each lens group which faces the variable 
power from a wide angle edge to a tele edge, the flexibility on aberration amendment increases. 
Moreover, since the lens group which bears variable power increases, it becomes easy to carry 
out the equation of the variable power burden of each lens group. In this way, it becomes 
possible to attain high performance-ization, attaining high variable power-ization. In addition, 
although there were also problems, such as complication of the lens-barrel structure 
accompanying the increment for moving part, it is conquered to some extent by advance of lens- 
barrel technology in recent years. 

[0009] Next, focusing in a multi-group zoom lens is described. Generally, being required of a 
focusing glass group are that there is little focusing movement magnitude and that the weight of 
a focusing glass group is small as mentioned above. This can be tied to the miniaturization of a 
lens system, so that there is little focusing movement magnitude, and it is because simplification 
of the drive of a lens can be attained, so that the weight of a focusing glass group is small. 
[0010] Before, when performing the focus to a short-distance body in a multi-group zoom lens, 
various proposals are made about the following three methods. 

(A) 1 group delivery method (B) IF (inner focus) method (C) RF (rear focus) method [001 1] 
Before, with 4 group zoom lens right positive in positive/negative, 1 group delivery method of (A) 
is used for order for example, from a body side. However, since the 1 st lens group separates 
from the image surface most and is arranged, its diameter of a lens is large. Consequently, the 
1st lens group is seldom suitable for the focusing glass group. Moreover, the example which is 
made to move the 2nd lens group of immobilization among variable power to JP,5-224123,A by 
these people, and performs focusing of the inner focus method of (B) to it in 5 group zoom lens 
of positive/negative negative positive/negative sequentially from a body side is indicated. 
However, since the 2nd lens group is immobilization among variable power, the 2nd lens group 
cannot be made to contribute to a variable power operation positively, and it cannot be said that 
it is enough in respect of high-performance-izing. 

[0012] Furthermore, the example which is made to move the 4th lens group of 4 group zoom lens 
of positive/negative positive/negative to JP,61-501 12,A sequentially from a body side, and 
performs focusing of the rear focus method of (C) to it is indicated. However, since the diameter 
of a lens is large, the 4th lens group is seldom suitable for the focusing glass group. 
[001 3] Here, migration of the focusing glass group at the time of moving one lens group and 
performing focusing is described. If the focusing glass group Gf is moved so that the location of 
the object point by the 1st lens group G1 thru/or the focusing glass group Gf to the lens group 
Gh arranged at the image side of the focusing glass group Gf may become fixed when the 
location of a photographic subject moves at a short distance from a long distance, a short- 
distance focus can be performed. Under the present circumstances, the conditions which make 
small movement magnitude delta of the focusing glass group Gf are explained using a thin lens 
system. 

[0014] First, in order to make regularity the location of the object point to the lens group Gh 
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when the location of the object point to the focusing glass group Gf moves only delta as shown 
in drawing 1 , only delta shall move the lens group Gf. In this case, if the image formation scale 
factor of the lens group Gf is set to beta, the movement magnitude delta of the focusing glass 
group Gf will be given with the following formula (a). 
delta= Cbeta2/(beta2-1)] -delta (a) 

[0015] (a) The value of k is beta 2 in a formula when k=beta 2/(beta2-l). It comes to express 
with the following formula (b) and (c) depending on a value. 
k>=1 (beta2 > 1) (b) 
k<0(beta2<1)(c) 

[0016] Therefore, in order to make small magnitude of the movement magnitude delta of the lens 
group Gf, to be (c). k is brought as much as possible close to 0, namely, it is required [ k is 
brought as much as possible close 1, namely, / it is required to bring 1/beta close to 0. and ] in 
(b). to bring beta close to 0. 

[001 7] In the zoom lens which has at least two lens groups which adjoin mutually, are arranged 
[ both ] and have negative refractive power in this invention based on the above consideration 
While bringing the inverse number of the operating scale factor of the lens group arranged 
between these two lens groups at the body side close to 0 By bringing the operating scale factor 
of the lens group arranged at the image side close to 0, even if it moves which lens group 
between two above-mentioned lens groups at the time of focusing, the focusing movement 
magnitude can be made small. In this invention, in order that drawing may tie equalization of the 
burden of the variable power of each lens group to high variable power-ization, the movable lens 
group Ga is moved between two lens groups at the time of focusing at the time of variable 
power. 

[0018] This invention is made based on the above technological backgrounds, and in a zoom lens 
with which both two lens groups arranged adjacently have negative refractive power and in which 
a short-distance focus is possible, it aims at solution of the above-mentioned technical problem 
by fulfilling predetermined conditions while it moves the movable lens group Ga on the occasion 
of variable power between two lens groups and performs focusing to a short-distance body. 
[0019] Hereafter, the monograph affair type of this invention is explained. It is satisfied with the 
zoom lens of this invention of the following conditional expression (1) and (2). 
(beta a-beta a-1) -2<0.8 (1) 
beta a/beta b> 0 (2) 

Scale-factor [ operating ] betab [ in / here / the tele edge in the infinite distance focus 
condition of the betaarlens group Ga ]: The operating scale factor in the wide angle edge in the 
infinite distance focus condition of the lens group Ga [0020] Conditional expression (1) is 
conditional expression which specifies the operating scale factor in the tele edge of the focusing 
glass group Ga. As mentioned above, the focusing movement magnitude (movement magnitude 
which faces focusing) delta of the lens group Ga is expressed with a formula (a), and can make 
small focusing movement magnitude delta of the lens group Ga by making magnitude of k small. 
[0021] In addition, conditional expression (1) is 2 (k/beta) by deforming. It is expressed. That is, 
in conditional expression (1). the feature of this invention which makes small focusing movement 
magnitude delta of the lens group Ga is emphasized by making magnitude of k small by carrying 
out the square of the ratio of k and beta. When it exceeds the upper limit of conditional 
expression (1), the focusing movement magnitude of the lens group Ga will become large. In 
addition, in this invention, in order to stop the focusing movement magnitude of the lens group 
Ga still smaller, it is desirable to set the upper limit of conditional expression (1) to 0.5. 
[0022] As mentioned above, in the case of beta2 >1, if 1/beta is brought close to 0. focusing can 
be performed with small movement magnitude. However, if the location used as 1/beta= 0 exists 
in the variable power from a wide angle edge to a tele edge, since k will decrease from a wide 
angle edge up to the location of 1/beta= 0 and k will increase from the location of l/beta= 0 to a 
tele edge, control of the lens group Ga will become difficult. Moreover, in the case of beta2 <1, if 
beta is brought close to 0, focusing can be performed with small movement magnitude. However, 
if the location used as beta= 0 exists in the variable power from a wide angle edge to a tele edge, 
since k will decrease from a wide angle edge up to the location of beta= 0 and k will increase 
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from the location of beta= 0 to a tele edge, control of the lens group Ga will become difficult. 
[0023] Conditional expression (2) has specified the suitable range about the ratio of operating 
scale-factor betaa of the lens group Ga in a tele edge, and operating scale-factor betab of the 
lens group Ga in a wide angle edge. When less than the lower limit of conditional expression (2), 
1/beta or beta will include the location set to 0 in the variable power from a wide angle edge to a 
tele edge. For this reason, as mentioned above, control of the lens group Ga will become difficult. 
Especially, the amount of deliveries to the same photography distance decreases once, and 
increases from the middle as it carries out variable power to a tele edge from a wide angle edge. 
For this reason, it will become difficult to carry out position control of the focusing glass group. 
[0024] Moreover, in this invention, in order to attain high performance-ization further, it is 
desirable to satisfy the following conditional expression (3). 
0.12<|fa|/(fw-ft)1/2 <0.6 (3) 

The focal distance ft of the whole lens system [ in / here / the focal distance fw:wide angle 
edge of farlens group Ga ]: The focal distance of the whole lens system in a tele edge [0025] 
Conditional expression (3) is the conditional expression for aiming at balance of lessening the 
configuration lens number of sheets of having specified the focal distance of the lens group Ga 
and making still smaller focusing movement magnitude of the lens group Ga. and the lens group 
Ga. Since the focal distance of the lens group Ga becomes large negative when it exceeds the 
upper limit of conditional expression (3), the focusing movement magnitude of the lens group Ga 
will become large. 

[0026] On the contrary, since the focal distance of the lens group Ga becomes small negative 
when less than the lower limit of conditional expression (3). focusing movement magnitude of the 
lens group Ga can be made small. However, since the axial outdoor daylight bunch which passes 
the lens group Ga approaches an optical axis, it will be difficult to amend shaft top aberration 
and the aberration outside a shaft independently by small lens number of sheets. Consequently, 
the workload at the time of focusing cannot be made small. 

[0027] In this invention, raise in variable power and high performance-ization can be most 
attained further by arranging the 1st lens group G1 of a lens system which has positive 
refractive power in a body side, adjoining the image side of the 1st lens group G1, and arranging 
the two lens groups concerned which have negative refractive power. In addition, in this 
invention, it is also possible by constituting so that operating scale-factor betab of the lens 
group Ga in a wide angle edge may satisfy conditional expression (1) and the same following 
conditional expression (4) to cover the whole variable power range and to make small focusing 
movement magnitude of the lens group Ga. 
(beta b-beta b-1) -2<0.8 (4) 

[0028] Moreover, in this invention, it is desirable to satisfy the following conditional expression 
(5). 

0.3<fL1/fL2<5.0 (5) 

here — fLI: — the inside of the two negative lens groups concerned — focal distance fL2: of 
the lens group by the side of a body — the inside of the two negative lens groups concerned — 
the focal distance [0029] of the lens group by the side of an image Conditional expression (5) is 
the conditional expression for aiming at balance of the focal distance of the two negative lens 
groups concerned which adjoined in the zoom lens and have been arranged. If it deviates from 
the range specified by the upper limit and lower limit of conditional expression (5), it will become 
impossible to suppress to coincidence fluctuation of many aberration generated at the time of 
variable power, and fluctuation of many aberration generated at the time of focusing good. 
[0030] Moreover, in order to suppress still better fluctuation of the chromatic aberration 
generated at the time of focusing, it is desirable to amend chromatic aberration sufficiently good 
in the lens group Ga. For this reason, as for the greatest value nuGa, it is desirable to satisfy the 
following conditional expression (6) among the Abbe numbers of all the negative lens components 
contained in the lens group Ga. 
nuGa> 35 (6) 

Moreover, in order to suppress generating of comatic aberration and to obtain the still better 
image formation engine performance, as for the greatest value nGa. it is desirable to satisfy the 
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following conditional expression (7) among the refractive indexes of all the negative lens 

components contained in the lens group Ga. 

nGa>1.60(7) 

[0031] Moreover, in this invention, it becomes easy to attain high-performance-izing. raise in 
variable power, or diameter-ization of macrostomia further by introducing at least one aspheric 
surface into one which constitutes a zoom lens of lens groups. Furthermore, although it is 
possible to make it move in the direction which intersects perpendicularly with an optical axis 
mostly, and to carry out the image shift of one or more lens groups, it is also possible to obtain 
the good image formation engine performance also at the time of an image shift. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, each example of this invention is explained based on an accompanying 
drawing. 

[Example 1] Drawing 2 is the refractive-power plot plan of the zoom lens concerning the 1st 
example of this invention. The zoom lens of drawing 2 sequentially from a body side The 1st lens 
group G1 of positive refractive power, The 2nd lens group G2 of negative refractive power. 3rd 
lens group G3 of negative refractive power, and the 4th lens group 04 of positive refractive 
power, Have the 5th lens group 05 of negative refractive power, and the variable power from a 
wide angle edge (W) to a tele edge (T) is faced. The gap of the 1st lens group 01 and the 2nd 
lens group 02 increases, and the gap of the 2nd lens group 02 and 3rd lens group 03 increases. 
The gap of 3rd lens group 03 and the 4th lens group 04 decreases, and each lens group moves 
the gap of the 4th lens group 04 and the 5th lens group 05 to a body side so that it may 
decrease. In addition, focusing to a short-distance body is performed by moving 3rd lens group 
03 in accordance with an optical axis. 

[0033] Drawin g 3 is drawing showing the lens configuration of the zoom lens concerning the 1st 
example of this invention. The 1st lens group 01 which the zoom lens of drawin g 3 becomes 
from the negative meniscus lens L1 1 which turned the convex to the body side, and a biconvex 
lens LI 2 sequentially from a body side. The 2nd lens group 02 which consists of a cementation 
negative lens L21 of a biconcave lens and a biconvex lens, 3rd lens group 03 which consists of a 
negative meniscus lens L31 which turned the concave surface to the body side. The 4th lens 
group 04 which consists of a biconvex lens L41 and a cementation positive lens L42 of a 
biconvex lens and the negative meniscus lens which turned the concave surface to the body 
side. It consists of 5th lens groups 05 which consist of the positive meniscus lens L51 which 
turned the concave surface to the body side, a negative meniscus lens L52 which turned the 
concave surface to the body side, and a negative meniscus lens L53 which turned the concave 
surface to the body side, 

[0034] In addition, aperture-diaphragm S is arranged between 3rd lens group 03 and the 4th lens 
group 04. and moves in one with the 4th lens group 04 on the occasion of the variable power 
from a wide angle edge to a tele edge. Drawing 3 shows the physical relationship of each lens 
group in a wide angle edge, and moves an optical-axis top to drawin g 2 in accordance with the 
zoom orbit shown by the arrow head at the time of the variable power to a tele edge. 
[0035] The value of the item of the example 1 of this invention is hung up over the following 
table (1). a table (1) — setting — f — a focal distance — in FNO, 2omega of field angles is 
expressed and Bf expresses a back focus for the f number. Furthermore, a refractive index and 
the Abbe number show the value [ as opposed to d line (lambda= 587.6nm) for the sequence of 
the lens side from the body side with which the field number met in the direction in which light 
advances ], respectively. 
[0036] 
[A table 1] 

^38.8-110.5 FN0=4.1 - 8.02 omega= 57.8 degrees - 21.4-degree side number Radius of 
curvature A spacing Refractive index Abbe number 1 38.7385 1.633 1.80518 25.35 2 21.3035 
0.628 3 21.0319 3.893 1.62280 57.03 4 - 341.0792 (d4 = adjustable) 5 - 51.9442 1.256 1.77279 
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49.45 6 17.0448 2.888 1.75520 27.61 7-133.8779 (d7 = adjustable) 8-19.9515 1.256 1.77279 49.45 
9 -151.1844 (d9 = adjustable) 10 infinity 1.884 (aperture-diaphragm S) 

11 89.4983 2.009 1.62041 60.14 12 - 28.8833 0.126 13 44.5675 3.391 1.51860 69.98 14- 11.5129 
1.507 1.80518 25.35 15 - 20.3434 (d15= adjustable) 16 - 54.3667 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is drawing explained by the thin lens system about the conditions at the time of 
performing the focus to a short-distance body. 

[Drawing 2] It is the refractive-power plot plan of the zoom lens concerning the 1st example of 
this invention. 

[ Drawin g 3] It is drawing showing the lens configuration of the zoom lens concerning the 1st 
example of this invention. 

[ Drawin g 4] They are many aberration drawings in the infinite distance focus condition in the 
wide angle edge of an example 1 . 

[Drawing 5] They are many aberration drawings in the infinite distance focus condition in the tele 
edge of an example 1 . 

[Drawing 6] Photography scale factor in the wide angle edge of an example 1 - They are many 
aberration drawings in 1/40 of focus conditions. 

[ Drawin g 7] Photography scale factor in the tele edge of an example 1 - They are many 
aberration drawings in 1/40 of focus conditions. 

[Drawing 8] It is the refractive-power plot plan of the zoom lens concerning the 2nd example of 
this invention. 

[ Drawing 9] It is drawing showing the lens configuration of the zoom lens concerning the 2nd 
example of this invention. 

[Drawing 10] They are many aberration drawings in the infinite distance focus condition in the 
wide angle edge of an example 2. 

[Drawing 1 1] They are many aberration drawings in the infinite distance focus condition in the 
tele edge of an example 2. 

[ Drawing 12 ] Photography scale factor in the wide angle edge of an example 2 - They are many 
aberration drawings in 1/30 of focus conditions. 

[Drawing 13] Photography scale factor in the tele edge of an example 2 - They are many 
aberration drawings in 1/30 of focus conditions. 

[Drawing 14] It is the refractive-power plot plan of the zoom lens concerning the 3rd example of 
this invention. 

[ Drawin g 15 ] It is drawing showing the lens configuration of the zoom lens concerning the 3rd 
example of this invention. 

[ Drawin g 16 ] They are many aberration drawings in the infinite distance focus condition in the 
wide angle edge of an example 3. 

[Drawing 17] They are many aberration drawings in the infinite distance focus condition in the 
tele edge of an example 3. 

[Drawing 18] Photography scale factor in the wide angle edge of an example 3 - They are many 
aberration drawings in 1 /30 of focus conditions. 

[ Drawin g 1 9 ] Photography scale factor in the tele edge of an example 3 - They are many 
aberration drawings in 1/30 of focus conditions. 

[ Drawin g 20 ] They are many aberration drawings in the photography distance of 1 .5m in the wide 
angle edge of an example 3. 
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[ Drawing 21 ] They are many aberration drawings in the photography distance of 1 .5m in the tele 

edge of an example 3. . 

[Description of Notations] 

G1 The 1st lens group 

G2 The 2nd lens group 

G3 The 3rd lens group 

04 The 4th lens group 

05 The 5th lens group 
S Aperture diaphragm 



[Translation done.] 
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M\,^\zmmvxmm'^tiR'DL%\zM<Dm«ti^mT^ 

T. ;ico2'c>coi/>Xif(^^"^ifei*t^ffl!lfcE®^n/bU> 

xm(Dmmts^<^M&:^o\zm:^\^^tLh{z. »m\z 

ffiS$ nfc V >X»<Dfi5ffl»*$ 0 \zi&r^\ff^ ZLt\z^ 
D> ±)$0 2::>OU>XafcD'5'&Vi"m<^)U'>XSS7 

(j3 a-iS a-») -»<0. 8 
i3a//3b>0 

iS a : U>X»Ga<OM®ia'&j^«fl8TCDfflSiaiCi5tt 



(3) 4*M¥8-2 2 04 3 8 

4 

^m2u>xmf)mi&^m&x$>^^ib. m2u>xm^ 
mmmz^mi^m\z9^-^'tt^ztfi^x^r. m^mit 

[0 0 12] $e>tc. 4#MPa6 1-5011 2^^Jkm\z 

\t. m^mf)'^i^m\ZiE^i£M(D4mX-A\yyX<Dm4 

u>xm^^W}^^x (c) (D^)7 ' y:t-tix:^^(D 
y7t-iJi^>^^fff3iomitm^'^nx^^^. vf)^vi^ 
f)^ib. m4u>xm\t't(Du>xmi)^±^\^^<Dx. 7* 
-t3-»^u>xm\z\t$>^r)mLx\^^fsi\^K 

10 [0 0 13] ZLZ,x. xr:>(r>v>Xm^^Wi^'^xy^ 
-tfz^>^^ffUo9^<oy^-tfzy>^U>Xm<D^W} 

\zmvxm^^. ^^i*^<oi(Lmf)mmmf)^^i&mm\z» 
mr^t^. y:t-t/z^>^u>xmG f <D»m\zsim 
$nrc u >xmc h izi^-r^m 1 u >xmG 1 jbmy ^ 

-tfzy>{/U>XmG f JCct:^«!j;Sc^fie;&«-^<!:;5:-5 
J;'5fC, :7:j~:^7-»^l^>XPG f ^5^S!i$l3:ntf, 

^\y>XmG f (^5^i(iS A ^/JN$ < r-S^frtC-rP^iTS 

m u >xm ^^xm.m'T^ » 

20 [0 0 14] HltC^-Tcfc^JC, yi^—til/>9 

v>xmGi\zn^^mi^o^^wf^^^fin^m^^ii 
z^>^u>xmG f (D&mmA\t. 'A<dsc^ (a) t# 

6 (a) 

^ (b) *5cfcr/ (c) xm-r^oizysi^. 



(b) 
(c) 

★>X»o«f&cofta<7>^j^fl:&HoTii5aMfc;Jco3^tf 
^rzib\z. 2^<Du>xm(D^^^mmz-^mx$>^u 
>xmG si^y :t-tiiy>^mzi»m^^xi^^^o 

[0 0 18] «±(3!>,fc^;^a«W«SfcS-::f 
ViT;^^n;t'bOT^0, K^bTE@$ns2tPc7)l^ 

;5:X-AU>Xtc:l3V>T. 2 0(7>I^>X»0'5"^iKf&JC 
^ ISUTpJl!iOW>XSGa^i^i!i$^T3fi^«#;«^'^^(^ 

y:t-:^zy >^^n 3tt^ \zm^<D^f¥^mftrz. t 

[0 0 19] *«Mo&*#ajc:?v^Tm§«*r 
So *5!WoX-'Ai/>XTtt. $*:cz)*fl=i{: (1) :fe<fc 
(2) ^m&t^. 



(1) 

(2) 

iSb : u>xmG ei(omfsm'^mi^mx<Da:nmz^» 
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(4) 
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[0 0 2 0} ^ft^s; (1) \t. y:t-tfzy>^u>xm 

k<D;^^$S:/h$<-rse:<i:lCi:OU>XifGa 

[0 0 2 1] u^. (1) ^mr^:ih\z^ 
0 (k/^) 2 ^^$ns, 'rut>t>. (1) T 

S: (1) <Z)±(SM€:±lpIo;«t:®'&, l^>X»Ga<D>^:t 

(c:feViT, U'>'XSfGaC0:7:t-:^'»^^l!lS&$6 
lC/J>$<ai^StC«, *fr^C (1) O±Kfit^0. 5<h 

[0 0 2 2] W^OJ;^^^, /32 >lCOig'&, l/i3^ 

0. 1 2< I f a I / (fw f 

f a : u>xmGsi<Dmjmm 
f w : mMm\z:^\f^u>xm±i^(DmMjmm 

[0 0.2 5] ^f}r^ (3) t^lx^XSGacOJi^jeiK^ 

'^^\Z/l^-^<^^CttU>XmGa(Dm^U>X«cSL 30 
^ < T ^ ^1 i: t <D/\' ^ > X ^ ^ S 86 cO*fl=iC-C? * 
So (3) CD±K<BS:±lHlo/S:®^. U>X»G 

aCO^jSEK)&t^JC:fe#<^SfcJ&. V>XmGa<oy 

[0 0 2 6] miz. 0k^^ (3) o-FKffiSTlHjo;rc« 

U'>X»GaO*&;jSIE«7&^^{c/jN$<;5:S;fe«6> 
>X» G a <D :7 < -r S d 

(j3b-i3b-i) -2<0. 8 (4) 
[0 0 2 8] *»WJC:feV>T«, }^r<D^ti'^ic40it (5) SSiS-TSd (h^tg^ bV^o 



*®;5^€»MiS^^Tflk;5tji:^-rS0T. U>X»GaCO 

j3 = oa)(4g^-e«kd^igii>b. 3 = ootte75>e>MM 

«^Tttk7&tii;^-rscF>T. lx>X»Ga(Z>SIffll*^j8b 

[0 0 2 3] ^t¥^ (2) MiS«8Jc:fettSl^>X« 
G a(Dmm»^e a tmf^mz:^»^U>XmG a(D& 

mm^&ht<D]t\z-D\,^xm^y3i9&m^m^vx^^^o 

^frit (2) <DT®M^TIiI':>fcS'&. fKAm^^WM 
^^X(r>mm^\z. i/j3^svitii3 3&totc;^sffiB* 
^^TU*'5• z.(Drz^. ^T^vrc^viz. u>xmG 
a<Dmmf)mv<:^-:fXvmvo mz. w\ctm^m\z 
M-r^mo mLmti^. jK^m^^m^mzmm-r^izL 
fti)^r>x. -mm(i>vx. ^^^ib^^m^r^o :io>rz 
j?)> y^-tJi^>^u>xm^eLmmmr^z:tfimv 

KU-dXV^Oo 

[0 0 2 4] *5!l8fC:feViT«. $^JcKttt6<b 

^m^fttbiz. JKTco^ffs: (3) ^mj^r^ii^f^m 

t) <;o. 6 (3) 

u>x^fkxn:iL\zmiE'r^z,tf)mmtur:>xi^^ 
•5o ^(Di^m. y^-tJzyy^mottmm^fi^^K'r^ 

Z,tf)^X^f3:^\ 

[0 0 2 7] *%^jc:feViT«> u>xj^o^m%mmi 
izmmmijtim^^mi u>x»g i ^ebl. ^mm 
ij^mr^mm2^(Du>xm^miu>xmGi<DSL 
vxmmr^^t\z^r)^ ^i^izm^mittm 

a:Mm\z^\t'f^u>xmG a<D^mmmB b*^#^ft= 
^ (1) a:l^«j^;*:cD*fri?; (4) ^m&r^^^izm 
^r^:it\z^r)^ ^mmm<D±mzMz>xu>xmG 

S- 



0. 3<fLl/fL2<5. 0 

z,z:x. 

ill : 3K2r?a>^l^>X»<?:>3'&'»tfffl3<z>W>X»o 



f L2 : aS(2r3<^ftU>X»C0 5'&«ffl!|<7>U>X»0^ 

[0 0 2 9] (5) f^, X-AU>X*JCi5V^T 

b TffiB ^ ^ K 2 O (Oft k >XPO^^IS8i(0 
/^^>XS:H-5fc8&CD*i*«T*So (5) <0± 



50 



(5) 

[0 0 3 0] 7*-*>'>^^{cS!±TSfeiRII 
<O^S!l«:$^lCfi<«l^StCtt. U>X»Ga{Ci5ViT 

a?), W>X»Ga*tC^^ns-r'<T<^>ftU>X^5J'<D 
T^y^^ftO^-fefi^OfflvGafd:. HT<0*#SC (6) § 
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(5) 



vGa>3 5 
nGa>l. 6 0 

[0 0 3 1] ^fts ^^mz:^\^^r\t. x—Au>x^ 

^rz\tmsc<Du>xm^yt^tmim^r^:^i^i,z^m 
\zh&tffrsim»&m^i^^zithnjmxs>^o 

[0 0 3 2] 

[^ffi^ji] m2\t. :$^^m<Dmimmm\z7^^^^^x- 
2>.]y>x<Dmmti^mmx^^o m2(ox—2xu>x 
\t. (&ii^tiw^m\z. jEmmti(Dmiu>xmGit. 
Mmvxt}<Dm2u>xmG2t. MBmti<Dm3V'>x 
most. iEmmti(Dm4u>xmG4L. Mmmtico 
m5u>xmG5t^m^. jtftffl m f)^iE>mmm 

(T) ^(D^isizmi^x. miu>xmGi tm2u> 
xmG2t(Dmm\tm±i.. m2u>xmG2tm3u 
>xmG3t<Dmm\tm±\^. m3u>xmG3hm4 
u>xmG4t(Dmm\ti^oi^. m4u>xmG4hm 
5u>xmG5t0mm\m<i>r^^o\z. ^u>xm 
iimmi\z»mr^o u^i^. $s3\y>xmG3^^m\z 

[0 0 3 3] m3\t. :^mm(omimmm\zf>'^ti^^x- 
Au>x<Du>xm^^^^mx$>^o 0 3<dx-av 
>x\t. ^»mf)^^m\z. mi^m\zi^m^\^n^^^=:^ 

f =38. S'-llO.S 
FN0=4.1 --8.0 

2(0=^57.^" '-21.4° 
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(6) 
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(7) ^m&r^z.ti)m^i.\^^o 

(7) 

Xt!7.U>XL I 1. ^^zmflhUyX'Ll 2t^i^f3i^ 

miu>xmGiiz. miHiu>xtmi:hu>xt<om^ 
Muyxi^2 ii)^(of3i^m2u>xmG2t. «o»m\z 

IH]ffi^£f^tt;^a;?<r:x*Xl/>XL 3 1;5^^75:SII3 1/ 
>XmG3t. mihU>XJ^41. :^^zmi!hU>Xt 

10 m»m\zmm^\^n:ftM,:^zi7.t>7sU>xt<Dm'^jEu 

>Xh4 2f)^iE^U^m4U>XmG4t. (^i^m\zBm 
$l«Jfrt>i:iE^:nX:^X^>XL 5 1. (&i»m\ZBm^{^ 
tt/S:ft^r:X:^Xl/>XL5 2. ^^XS^»m\Z\!nm^ 
rpl^tfc^p^-X:^Xl/>XL 5 3tf>^if3:^m5U>Xm 

Gstf)^i^m^^nx^^^o 

[0 0 3 4] MPiKOSti. m3ly>XmG3t 

m4u>xmG4t(Dm\zmm'^ti. a:Am^^mM^ 
-^(D^m\zmvxm4 u>xmG 4 t-t^mz^m-r 

20 UT:feO, ffia5S'\©«f&«r(C«0 2fC$^qJT^-rX- 

2^im\zm^xytm±^^W)r^o 
[0 0 3 5] ^cD^ (1) \z. ^^moymmmionTi, 
(Dm^mf^o m (1) jccbv^t. f tti^;S!E(!i^> f 

ttTs^m^o ^^\z. mm^\tytm<Dmn^^:^mzm 
^^m»mi)^^(Du>xm<Dmjf^. mm^^^zfTy 

^mt^n^tldm (A = 5 8 7. 6 nm) f3**fSfii 

[0 0 3 6] 
30 »1] 



1 


38.7385 


1.633 


1.80518 


25,35 


2 


21. 3035 


0. 628 






3 


21.0319 


3.893 


1. 62280 


57.03 


4 


-341.0792 


(d4= -^m 






5 


-51.9442 


1. 256 


1. 77279 


49. 45 


6 


17.0448 


2. 888 


1. 75520 


27. 61 


7 


-133.8779 


(d7= pj^) 






8 


-19.9515 


1. 256 


1. 77279 


49.45 


9 


-151.1844 


(d9= pJSE) 






10 


00 


1.884 


(MPjKDS) 


11 


89.4983 


2.009 


1.62041 


60.14 


12 


-28.8833 


0. 126 






13 


44. 5675 


3.391 


1.51860 


69.98 


14 


-11.5129 


1.507 


1.80518 


25.35 


15 


-20.3434 


(dl5=pl«) 
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(6) 4$BB¥8-2 2 043 8 

9 10 

16 -54.3667 3.140 1.80518 25.35 

17 -21.7045 0.628 

18 -48.6549 1.507 1.84042 43.35 

19 -141.6808 4.144 

20 -14.7784 1.507 1.77279 49.45 

21 -280.6453 (Bf) 



f 


38. 7626 


110.4625 


d4 


1.9829 


15.1690 


d7 


3.7630 


6. 2747 


d9 


4. 1545 


1. 6429 


dl5 


14.9653 


1. 7792 


Bf 


10.0151 


51.8560 



(JSj^fS*- 1/4 Omo^S l^>X»G3(0:7*-*>'>y»ift«) 
f 38.7626 110.4625 
A -1.0496 -1.1477 



f a =-29. 8672 
fLl=-99.2862 
f L2=-29.8672 
j3 a= -0.4612 
jS b= -0.2080 

(1) (/3 a-/3 a-O 

(2) /3a/i3b 

(3) I f a I / (f w f t) ^''^ 

(4) (iSb-iSb-O -2 

(5) fLl/fL2 

(6) vGa 

(7) nGa 

[0 0 3 7] m^JbmminmMmKOiiWi (a = 5 s 

7. 6nm) ^fSiRMBItf*^. H4«i2:ft« 

ft^TCDjaj^fg^- 1/4 0 (D'&^ttSg{c:fett^ltiR^ 
S-C»0> 0 7«Miaa3TOjS:Kf&*- 1/4 OCO'&ji 

[0 0 3 8] #lKM0JC*5^<iT, FNOltF:^>A-— 

[0 0 3 9] c^£SM2] B8(i. :^nm<om2mmm 



= 0. 343 

= 2.217 

= 0.208 

= 0. 047 

= 3.324 
= 49. 45 

= 1.7 7 2 7 9 

-Au>x\t. ^»mf)^^m\z. iEmm:h(Dmiu>x 
mat. Mmmti(Dm2u>xmG2t. mmmtjcD 
msuyxmcsh^m^. i2:^« (w) f)^iE>mmm 
(T) ^<o&m\zmvx. miu>xmGitm2u> 
xmG2 L<Dmm\tm±v. m2u>xmG2Lm3u 
>xmG3 ii(omm\m'pr^^o\z. ^uyxmtm 
v^m\zi»m^^. u^. m2u>xmG2\t. m»m(o 
40 ^m^f2^^^^\^>xmG2Bihmm<r>^m^ti^^'r 
^u>xmG2htif)^^f3iO. ^i^m<Du>xmG23i^^ 
m\zni':>x^m^^^:it\z^y). j^mm^i^-^(Dy:t 

[0 0 4 0] m9\t. ^^m(Dm2mmm\zib^^'^^x- 
j^u>x<Du>xm&^^'i'mx$>^o 0 9<ox— 

>X}t. i^»mf)^^m\z. mdhU>Xl^l l, :^J:Z^^ 
<7)»'&iEU>XL 1 27&^^?^^^1 lx>X»Gli:, 1^ 

mu>xtmi^m\zi[!m^\^»nLiE:<=-7.ti:^u>xt 

so (0«'&^^>XL2 l;^^e»?^^l^>X»G2a, *5j:t;«j 
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(7) W||^8-22 043 8 

11 12 

L 3 1 . m^v>xhmwm\zmm^^nitn.^:=^7.i^ x-ixmrnz^^x^mi^^^mrr^. 

7.u>XL<om^iEu>xh3 2. i&}i^m\z^m^\^^f [0042] 'A(Dm (2) \z. :^^m(Dmmm2<Dm7t 

rciE;<nx;^xix'>XL3 3. ^i$^m\zmm^j^nrc^ (Dm^mvf^o & (2) tc:fev>T, f^i^j^^si^, f 

lE;^:=^Xtl7.U>XL3 5i)^i^U^fS3l^>XmG3t, ttT.^BTo ^^\Z. ffiS^«>t«coiifTT^:&[RllC« 

75>e>«^^nTv^So r:>rcmi$'mi^^^(ou>xm<Dmf¥^. mm^^,^z^Ty 

[0 0 4 1] MPiRosfi. m3u>xmG3^^ ^mt^n^etidm (a = 5 8 7. enm) tc5t*-r^® 

<OjE>^r:X*X^>XL 3 3 (h^jP^nX^Xl/'^XL 3 10 S^UTVi^o 

4 ^(^ra{cffig$n> x£:^^?5^^M3S^'\o^f&(cKL' [0043] 

xm3u>xmG3t-i^m{zi»m'r^o *fc. bbpir [^2] 

f =85. 5'-191. 0 
FN0=4.7 - 5.6 
2 CO =29.0" --12. 













1 


132. 8387 


4.000 


1. 51680 


64. 12 


2 


3064. 5789 


0. 115 






3 


88.6525 


2.000 


1. 80458 


25.49 


4 


50. 6836 


5. 000 


1. 51680 


64,12 


5 


-399. 3308 


((15= Pj^) 






6 


-140.8889 


1.200 


1.69680 


55.60 


7 


23. 1440 


3.500 


1.84666 


23.82 


8 


50. 7877 


13.000 






9 


-45. 6950 


1.000 


1.65160 


58.54 


10 


-996. 6611 


(dl0=pj^) 






11 


106.2788 


5.175 


1. 50137 


56.46 


12 


-48. 1738 


0.230 






13 


84.4967 


6.095 


1. 51860 


70.08 


14 


-36. 8350 


1. 610 


1. 75520 


27.64 


15 


-642. 3547 


0.920 






16 


32.6932 


4.140 


1. 71300 


53.97 


17 


52. 1070 


3.220 






18 


00 


22. 310 


(MPiROS) 


19 


00 


20.700 


(a®Rt)S' ) 


20 


-18. 8960 


2,415 


1. 76684 


46. 76 


21 


-53. 3018 


0. 230 






22 


-227. 2534 


3.220 


1. 72825 


28.34 


23 


-37. 5483 


(Bf) 














f 


85.5000 


191.0000 






d5 


1.4053 


33.1577 






dlO 


21.6093 


5. 5585 






Bf 


45.9663 


62.0168 







mjs^mm f 85.5000 191.0000 

^WsM A 48.4418 +2.5356 

—m— 



(8) 

13 

f a =-66. 1034 
fLl=-73.5277 
fL2=-66. 1034 
jS a= -5.7383 

/3 b= -1.5276 

(1) (i3 a-/3 a-O = 

(2) &a/Bb 

(3) I f a I / (fw f t) = 

(4) (/3b-ab-0-' 

(5) fLl/fL2 = 

(6) vGa =5 

(7) nGa 

[0 0 4 4] mi oTbmmi 3\tmt&m2<Ddm (a = 
5 8 7. 6 nm) \zM'r^miS.^m^$>^o mi o\ta: 
n^'V(Dmmm'^mi^m{z^^f^m^mm'T!&K>. mi 

mi 2\tji::nm^<DmBmm-iy3 0(D^ 
m^m\z^n^m^mm^$>r). mi sitmmt^^owt 

[0 0 4 5] S-JR^HJC:feViT, FNOttF:^>A--^, 20 
[0 0 4 6] C^SSW3] HI 4«. *S!W<^®3^Jfi 5Z? 

m\zf)^f)^^x-i>.uyx<DmmtiMmm'v$>^o mi 4 
(DX-2^u>x\t. ^i^mi^^^m\z. mmmti<Dmiu 
yxmo 1 Mmmtj(Dm2 u>xmG 2 1. lEmm 
ijcDmsuyxmcst. iEmmij<Dm4u>xmG4 
t^m^. (w) f)^(E>mm^ m ^<D^m\zwi 
vx. miu>xmGiii$R2u>xmG2t(Dmm\t 
m2V'>xmG2Lm3u>xmG3t<Dmm 
m2u>xmG3tm3u>xmG4t<Dm 
mit^itr^^'^iz. m2u>xmG2i5^zfm3u> 
xmG3f)mm^^o m2u>xmG2u. mi^ 40 
m(D^mtfxti^^t^v>xmG2^hmm(D^m^ti^ 
^r^]yyxmG2\ihi)^^uK>. mwm(ovyxmG2d. 

[0 0 4 7] H 1 5 :^^m(om3^mm\zt(^ti^^x 
-h.v>x<ov>xm^^7Fcrm^&^, bii5<dx- 
Au>x«. m^mi)^^m\z. ^^m\z^is^^nit^ 

f =8L 5-^196.0 
FN0=2.8 --2.8 
2 CD =30. 7-18. r 
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0.032 
3. 756 

0. 268 
1.312 

1. 112 
5.6 0 

1. 6 9 6 8 0 

;<zi;^:^jXU>X^:ii5ai^>X^<Z>»'g'U>XL 1 1, 
^^Xfm^m\Z^M^\P^mziE:^:^7.ti:AV>X'L 1 2 

ti^^u^^ivyxmGit,. mwm\z^m^\p\mz^ 
:^:z,7siJ7sV>xi. 2 i^^xs^wm\zmm^^mz.m 
^m^^r^mmvyxm^com-^vyxi. 2 2f}^ibu 
^i/>x»G2a, ^^z^mi^m\z^m^\^nrzm'^m^ 

WT'5MIHlU>X?^«<Z)g^-&l/>XL2 3:fe<fcaW[H]l/ 
>XL 2 4'fy^(^t3i^U>XmG2bf>^^:f^^m2 U>X» 
G2t, MdbU>XL3 1. Mdhlx>Xa:i^f*:ffi!l{C[Hl® 
^[B]tt;^ca>^::zx;^XW>X<hOg?'&iElx>XL 3 2:0^ 
(E>f3:^m3U>XmG3t. ^itim\Z^m^\^\'fftiE:^ 
-X:^XU>XL4l. ife{*:{iirc:dbffl$r^tt:^cjE;<r.x 
*Xlx>XL4 2. 4&ft:ffl3^CI^bffi€r^R]^^fca;>^-X*X 
1^>XL4 3. MaU>XL4 4, :fe<fcr;4&#:fi!ltClHIffl 
S:[o)ttfcM>c-x;^Xl/>XL4 5*^^:^'5S4 U>X 
»G4 i::d^6ffl^$nT(.:^-5o 
[0 0 4 8] §BP)KOS«, m3U>XmG3t 

m4u>xmG4t<Dm\zmm'^n. a:Mm^^mmm 
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